A 
Introduction
There are several studies suggesting that enzymes produced by Porphyromonas gingivalis, especially a trypsin-like protease, are implicated in the pathogenicity of adult periodontitis because they have the ability of degrading periodontal tissues directly and/or disturbing the host defense mechanisms2-6). The general concept of the term "trypsin-like" has been used for a protease which hydrolzyes synthetic substrates used for the determ ination of trypsin. Recent studies have demonstrated that there are several types or isozymes in these kinds of proteases which are produced by P. gingivalis and hydrolyze and dialyzed overnight against the same buffer. The dialyzed sample was concentrated by ultrafiltration and the aliquot volume (4ml) was applied to a Sepharose CL-6 B gel column (1.6 by 100cm), which had been equilibrated with the same buffer. The active enzyme fractions in smaller molecular size were collected and further applied to HPLC on a Biofine IEC-DEAE column (Japan Spectroscopic Co. Ltd.) pre- incomplete adjuvant was injected twice at intervals of 2 weeks. After the second booster injection, a trial blood sample was obtained, and the antibody titer was determined by immunodiffusion. Once a satisfactory antibody titer had been obtained, blood was drawn directly from the heart under anesthesia. The serum was prepared and stored at until used.
Materials

SDS-PAGE and immunoblotting:
The SDS-PAGE was performed according to the procedure of Laemmli10) using 4 to 20% gradient slab gels. Proteins of the purified enzyme which had (Table 1 ). The addition of 2mM DTT to the reaction mixture enhanced the hydrolytic activity of Pase-S to 9.1 fold, and this enzyme was confirmed as one of proteases using casein as a substrate.
Inhibition of BApNA activity of purified enzymes: BApNA hydrolytic activity was measured in the presence of various protease inhibitors at given concentrations. Although the inhibition appeared more clearly than that previously measured on the caseinolytic activity of Pase-B and Pase-C1), the profile was almost the same, except that of EDTA, and every purified enzyme including Pase-S similarly responded to these inhibitors. As expected, the BApNA hydrolytic activity of Pase-S was almost completely inhibited by Substrate specificity of the purified enzymes : Table 3 shows the substrate specificity of Pase-S and the other two P. gingivalis proteases and mammalian trypsin (Sigma, Type I) on various substrates. Clostripain (Sigma) was also used as a positive Pase-C and trypsin acted on BLpNA.
We have demonstrated on gelatin (denatured type I collagen) conjugated SDS-PAGE that the protease activity of Pase-S could be visualized, suggesting the possession of gelatinase activity like Pase-B and Pase-C. Collagenolytic activity on intact collagen was determined by comparing the SDS-PAGE patterns of the collagen digest by enzymes. When type IV collagen was used as a substrate, three P. gingivalis proteases appeared to have activity on the SDS-PAGE pattern as well as the trypsin; but native type I collagen was not degraded by Pase-S. Only Pase-C degraded the collagen to molecules so small that they were hardly visible as shown previously4). Pase-S did not possess hemagglutinating activity.
Discussion
Several studies have been made on the trypsin-like protease produced by P. gingivalis using BApNA as a substrate because this enzyme is considered to be a probable virulence factor of periodontal disease.
The release of proteases in soluble form and/or as extracellular vesicles which are smaller than whole cells may be important in the pathogenic process because they are able to affect the anatomical barrier easily and thus permit the subsequent penetration of bacteria and toxic products into the tissue12). Smalley and Birss13) demonstrated that the major portion (80%) of trypsin-like protease activity from culture supernatants of P. gingivalis W 50 is associated with the extracellular vesicle fraction and the remaining activity covered as a soluble enzyme. Recently, we have isolated two proteases hydrolyzing BApNA from culture supernatants of P. gingivalis 381 and demonstrated different properties between them1). These two, Pase-B
and Pase-C were not soluble unless solubilized with specific detergents, suggesting that the enzymes might be membrane-associated in some constituents secreted into culture supernatants, or might form a large component with several molecules. In fact, there were many vesicles in the culture supernatants after the bacterial cells were removed from the culture by centrifugation at for 20min. In this study, Pase-S which was purified from the smaller molecular size fractions of Sepharose CL-6 B gel filtration (Fig. I , Fr. II) was completely soluble, and was concentrated into a sharp single band by SDS-PAGE of the native protein. Homogeneity of this protease was also confirmed immunologically.
Cysteine proteinase of 43-kDa and 50-kDa were also purified by Fujimura, Shibata, and Nakamura14), proteases isolated in our study, only Pase-C possessed hemagglutinating activity. Therefore, we conclude that BApNA hydrolytic proteases could be differentiated into two groups at least. Pase-C to which the pathogenicity was mainly attributed4,7), was different from another group (Pase-B and Pase-S) biologically.
It is still unclear whether Pase-S and Pase-B have the same virulency as periodontopathogens, and whether Pase-S is an isozyme of Pase-B. These possibilities are currently being explored in our laboratory.
